Objectives: This study investigated the effect of Muslim prayer (salat) on the a relative power (RPa) of electroencephalography (EEG) and autonomic nervous activity and the relationship between them by using spectral analysis of EEG and heart rate variability (HRV). Methods: Thirty healthy Muslim men participated in the study. Their electrocardiograms and EEGs were continuously recorded before, during, and after salat practice with a computer-based data acquisition system (MP150,
Introduction

I
slamic prayer, commonly represented by the Arabic term salat, is a form of meditation, 1 and it is obligatory for Muslims to perform the prayers five times daily at specific prescribed times of the day. It is a religious physical activity that involves various Quran recitations and the performance of specific postural positions, namely standing, bowing, prostration, and sitting. 2 Various meditation forms can influence not only the autonomic nervous system (ANS), 3, 4 but also the central nervous system (CNS). 5, 6 For instance, Arambula and colleagues showed an increase in a and h electroencephalography (EEG) activities during Kundalini yoga meditation, and Peressutti and colleagues showed variations in heart rate variability (HRV) and respiratory rate during meditation. 7 Lee and colleagues found that heart rate, respiratory rate, and systolic blood pressure significantly decrease during Qi-training, 8 and Raichur and associates described the effect of meditation training on the variation in respiration. 9 Power spectral analysis is commonly applied to electrocardiography (ECG) signals to assess HRV as an indicator of the autonomic nervous system. 10, 11 Many cardiovascular disorder states are hypothesized to be associated with typical variations in HRV. 12 The cardiovascular system is usually controlled by autonomic regulation through the activity of the sympathetic and parasympathetic branches of the ANS. 13 The sympathetic branch, in a simplified sense, is responsible for stimulating activities associated with the fight-or-flight response, and the parasympathetic branch is responsible for the calming-down response.
14 The three common frequency bands in the HRV spectrum are the very-low-frequency (VLF) component (0.001-0.04 Hz), the low-frequency (LF) component (0.04-0.15 Hz), and the high-frequency (HF) component (0.15-0.4 Hz). VLF mainly reflects thermoregulatory cycles, LF is usually considered a marker of mixed sympathetic-parasympathetic nervous activities, and HF reflects parasympathetic (vagal) nervous activities. 11, 12, 15 In addition, the ratio of LF/HF represents the sympathovagal balance, which is essential for good health. 12, 16 Recently, HRV information has been obtained from individuals before and during meditation to understand ANS response induced by the meditative state. 15, 17 Meditation affects ANS by increasing and decreasing parasympathetic and sympathetic activities, respectively. EEG can also be investigated with power spectral analysis. The five spectral frequency bands are d (0.5-4 Hz), h (4-8 Hz), a (8-13 Hz), b (13-30 Hz), and c (30-70 Hz), which correspond to the classification of brain waves. The a wave is one of the most dominant brain waves in meditation state. The a wave activity can be measured in all regions of the brain. However, the highest a wave amplitude was observed in the occipital and parietal regions. 18 The increasing of a band frequency in meditation was hypothesized to be promoted by changes in ANS, which induce relaxation response in humans. 19, 20 The generation of a waves is generally associated with stimulation of parasympathetic activity and reduction of the sympathetic activity of ANS. 21 High levels of a activities were correlated with low levels of anxiety and feelings of calm and positive affect. 22, 23 Many studies describe the relationship between the CNS and ANS during meditation. For example, Takahashi and colleagues performed aspectral analysis for EEG band frequencies and HRV components during Zen meditation and discovered that the a EEG power was negatively correlated with normalized unit of LF (nuLF) power as well as in LF/ HF and that h EEG power was positively correlated with normalized unit of HF (nuHF) power. 21 Travis demonstrated reduced breath rate, increased respiratory sinus arrhythmia amplitudes, and increased EEG a amplitude compared with EEG and autonomic patterns during Transcendental Meditation. 24 Tang and colleagues reported a positive correlation between h and HF component of HRV during short-term meditation. 17 No studies have assessed Muslim prayer (salat), and limited information is available on the functionality of ANS in the interaction between EEG and HRV during salat. This study aims to evaluate the possible correlations between the spectral power of the a band frequency of EEG and HF or LF bands of HRV during salat and to elucidate the physiologic mechanisms between salat and the CNS and ANS.
Materials and Methods
Participants
This study recruited 30 healthy Muslim men aged 20-35 years. The participants had no neurologic or psychological disorder, and they were asked not to take any heavy meals or to do physical activity at least 4 hours before measurements were taken.
Procedure
The experimental procedure for each study participant was divided into three sessions: prebaseline, Duha salat practice, and postbaseline. Before the first session (prebaseline) recording, the participants lay on a bed in a quiet, semi-darkened room and were asked to relax in the supine position for 20 minutes so that they could adapt to the experimental conditions. EEG and ECG signals were simultaneously recorded. The data were collected with both eyes open for 2 minutes, followed by both eyes closed for another 2 minutes and both eyes open for 2 minutes. Then, the participants were allowed to rest for 5 minutes.
In the Duha salat session, the participants were asked to perform salat. EEG and ECG signals were collected throughout the performance of each of the different postural positions of salat. Figure 1 shows a complete single cycle of prayer movements. Participants were reminded to keep their eyes opened during the salat session. In the postbaseline session, data were recorded, and the procedure was similar to that used for the prebaseline data recording.
Data acquisition and signal processing
During the experiment, EEG and ECG signals were continuously recorded with a computer-based data acquisition system (MP150; BIOPAC Systems Inc., Camino Goleta, California). To avoid any artifacts due to physical movements, only four static positions (standing, bowing, sitting, and prostrating) were analyzed; the signals in between movements were excluded.
EEG was recorded with an AgCl electrode cap, with electrodes positioned on the participant's head with the use of the standard 10-20 system. On the basis of previous studies, electrodes were placed at O1, O2, P3, P4, C3, C4, F3, and F4 and referenced to the linked ear lobe electrode during recording. Electrode impedances were brought below 
where fmax = 95 Hz, fl = 8 Hz, fh = 13 Hz. 25 ECG signal was obtained with three electrodes attached to the participant's chest in a standard lead II configuration. The sampling rate of the ECG was 1000 samples/s, and the signal was amplified with a BIOPAC ECG100C differential amplifier. Then, the signal was band-pass filtered between 0.5 and 35 Hz before signal analysis. A Hanning window with a 256-point fast Fourier transformation and 128-point overlapping was used for Welch's method to evaluate the power spectral density in HRV. HRV was calculated from a series of 5-minute epochs of ECG signal according to guidelines. Spectral HRV components were evaluated and obtained in absolute values of power (ms 2 ) based on their frequency to one of the following three bands: VLF, LF, and HF. The HF and LF components of HRV were conventionally observed in normalized units (nuHF and nuLF). The LF/HF ratio, an estimate of the balance between sympathetic and parasympathetic activities, was also calculated from the absolute power of both frequency components.
Statistical analysis
Experimental data were analyzed with SPSS software, version 17 (SPSS Inc., Chicago, Illinois). Analysis of variance (ANOVA) was used to test the changes in the means of the RPa and HRV variables during salat and pre-and postbaseline. Additional comparisons were also conducted with the post hoc test. The Pearson product-moment correlation coefficient was obtained to determine the correlation between the HRV frequency power and RPa of the EEG signals and also between HRV and respiration. A p-value less than .05 was considered to represent a statistically significant difference.
Results
EEG and ECG signals from all participants were analyzed. The average prayer duration performed in this study was 5.23 (standard deviation, 1.46) min. Table 1 shows the means and standard deviations of RPa during pre-and postbaseline and salat practice. ANOVA tests showed that the means of RPa were significantly higher ( p < .05) during salat than those of the two baselines before and after salat in most of the eight electrode positions, where O1 (F[2,87] = 3.60; p = .031), O2 Furthermore, post hoc analysis showed that there were significant differences between Salat and prebaseline for all electrode positions except F3, but no significant difference between salat and postbaseline condition. Table 2 presents the changes in HRV components during, before, and after salat practices. The results showed that LF, HF, and nuHF significantly increased whereas nuLF and LF/ HF significantly decreased during salat practice. ANOVA test results showed that the differences in means of all HRV parameters between prebaseline, Duha salat practice, and postbaseline were significant at the 5% level ( p < . In addition, post hoc analysis showed significant differences between salat and prebaseline but no significant difference between salat and postbaseline condition. Table 3 shows the correlation coefficients between the RPa and HRV parameters. The results indicate that RPa was significantly positively correlated with nuHF and significantly negatively correlated with nuLF and LF/HF in the occipital and parietal regions of the brain during salat practice. The pre-and postbaseline conditions showed no significant correlations between RPa and HRV components.
Discussion
This study investigated the EEG and ECG signals of 30 young, healthy Muslim men. It aimed to explain the effect and the possible relationships among the relative power spectra of the a band frequency of EEG and ANS activities represented by the frequency bands of HRV during salat.
The results (Table 1) indicated that RPa was significantly higher ( p < .05) during salat than at pre-and postbaseline. A notable increase in a wave activity was observed at the occipital and parietal regions of both brain hemispheres. The production of awaves is normally promoted by the parasympathetic nervous system with suppression of the sympathetic system. 21 These findings strongly suggest that the high levels of a activity during salat are associated with increased relaxation, reduced tension, sustained focus, and a balanced condition of the human mind and body. 5, 6, 26 The results were also in accordance with previous laboratory results that demonstrated increased RPa during prostrate position, particularly during salat positions. 27 The novelty of this study is the marked increase in general HRV components power during salat practice. Both the LF and HF components significantly increased at p < .05, as well as the nuHF power when compared with pre-and postbaseline. There was a relatively stronger parasympathetic mobilization. The significant reduction in nuLF substantiates the reduced sympathetic activates because the LF band power of the HRV is mainly related to sympathetic modulation when expressed in normalized units, 12 and the parasympathetic (vagal) modulation is a major contributor to HF band power. The ratio of LF/HF represents the sympathovagal balance. 28 However, an LF/HF ratio of 1.72 and 1.60 at prebaseline and postbaseline, respectively, versus 1.50 during salat practice indicates a relatively stronger parasympathetic mobilization. These findings were consistent with a previous study that reported an increase in nuHF (as a parasympathetic index) and a decrease in nuLF (as a sympathetic index) during meditation. 3, 4, 15, 21 During salat, positive significant correlations were found between RPa in the occipital and parietal regions and that in nuHF (as an index of parasympathetic tone), and negative significant correlations were found with RPa in nuLF and LF/HF (as indices of sympathetic tone) ( Table 3 ). The significant correlations between the power spectral components of HRV and RPa reflect the sympathovagal balance, suggesting that parasympathetic and sympathetic nervous activities increase and decrease during salat, respectively. Furthermore, these results present an important point in the interpretation of the physiologic mechanisms between the CNS and ANS among salat. These findings also agreed with those of a recent study on meditation. 21 The aforementioned study reported that the percentage change in a EEG power was positively correlated with nuHF and negatively correlated with nuLF and LF/HF.
In conclusion, in light of these results, the increased EEG occipital and parietal RPa during salat suggests that salat produces positive changes in brain function and human well-being. These changes are associated with an increase in the parasympathetic component and decrease sympathetic component in the ANS. This combination of high parasympathetic activity in nuHF power, low sympathetic activity in nuLF power, and increase in the EEG RPa during salat practice suggest that the interaction between the central nervous system and ANS during salat promotes relaxation and minimizes anxiety for individuals who regularly practice salat. 
